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STUDIES ON THE CHEMICAL COMPOSITION OF HUMAN EPIDERMAL
LIPIDS*
RICHARD P. REINERTSON, M.D.t AND VICTOR R. WHEATLEY, Pa.D.
Detailed examinations have been made of the
skin surface lipids and the lipids of the hair sur-
face from human subjects (1, 2). These materials
arc a mixture of indefinite proportions of sebum
together with lipids derived from the keratinizing
cells of the epidermis. Furthermore, the constitu-
ents of scbum or of the cpidermal lipids proper
may be altered before or after they reach the
surface. Glycerides of sebum, for instance, are
probably split in the sebaceous duct or follicle
neck (3) and cholesterol appears to be esterified
while it is carried to the surface of the keratiniz-
ing epidermis (4, 5). It is therefore of consider-
able interest to analyze the cpidcrmal lipids as
they occur in the Malpigbian layer because they
may be altered in transit to the surface and may
also be diluted by admixture with scbum. Such
determinations were carried out earlier on plantar
epidermis (5), and more recently on separated
total epidermis from the back by Glasenapp and
Lconhardi (6) and from the forearm by Nicolaides
and Rothman (7). Previous work has been limited
because of the very small amounts of lipid
available for analysis. In the present study a total
of 701 mg. of cpidermal lipids was obtained from
43 individuals (equivalent to about 500 sq. in. of
skin). This is still too small for detailed ana]ysis
using conventional methods, but the develop-
ment of newer methods of lipid analysis, in
particular the application of gas chromatography
(8), has enabled a relatively detailed analysis of
the component lipids to be made with this amount
of material.
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Early in the present investigation the presence
of appreciable amounts of 7-dchydrocholesterol in
the epidermal lipids was observed (9). Much
smaller amounts of 7-dehydrocholestcrol were
found in the corium and in the subcutaneous fat.
The main source of 7-dehydrocholesterol, there-
fore, was considered to be the epidermis, rather
than sebaceous glands. However, the site of 7-
dchydrocholcsterol within the epidermis was not
located. In the present study 7-dchydrocholes-
tcrol was found in highest concentration in the
Malpighian layer of the epidermis. Particular
attention was also paid to the variations of this
component both in normal epidermis and in the
epidermis obtained from the uninvolved skin of
psoriatic subjects.
1\4AvER5AL5 AND METHOD5
Skin specimens. Samples were obtained from
cadavers within 18 hours after death and from
human volunteers. The cadavers were washed
with water and specimens approximately 1" x 4"
were cut from the mid-abdominal region, and in
some eases from the anterior thigh and mid-
scapular regions also. From several cadavers a
strip of skin approximately " to 1" wide, ex-
tending from the mid-sternum region to the lower
abdomen, was excised.
Surgical specimens of clinically uninvolved skin
were obtained from the midscapular region of
human volunteers with psoriasis and from the
same region of normal controls. Most of the donors
were male prison inmates. Specimens from the
thigh of a female with psoriasis, and from a female
control were obtained in addition. Skin sites were
prepared by washing first with soap and water aud
then rinsing three times with 0.1% aqueous Zcphi-
ran® solution. Procaine (1%) was injected intra-
dermally and an elliptical piece of skin approxi-
mately 2" x 3/4" was excised to the level of the
subcutaneous fat. The patients with psoriasis, all
but two of whom were volunteer prisoners, were
not undergoing treatment prior to the excision of
the skin specimens. The age, sex, color and disease,
if any, were recorded for each cadaver and volun-
teer. Removed tissues were frozen immediately
with solid CO2 and then stored in the deep-freeze.
Analytical procedures were begun within seven
days.
Specimens from cadavers and from volunteers
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were handled similarly, for the most part. After
thawing, the subcutaneous fat, if any adhered,
was trimmed away with fine scissors. From speci-
mens removed from the back, part of the lower
dermis was also trimmed away, so that the speci-
men could be stretched adequately. Each speci-
men was then stretched according to the method
of Van Scott (10), and in most cases the epidermis
was removed in fob. Some stretched specimens
were at first scraped with the top of a razor blade
tilted in the direction of scraping, in order to
remove the stratum corneum separately. After
3 to 10 scrapings little more material could be re-
moved by this technic, and the specimens some-
times, but not always, acquired a shininess similar
to that seen after cellophane tape stripping. A
cyclohexane extract of Scotch Tape® alone con-
tained large amounts of fast-acting Liebermann-
Burchardt chromogens so that Scotch Tape® could
not be used to separate the stratum corneum from
Malpighian layer for lipid determinations. Micro-
scopic examination showed that after the super-
ficial scraping as described, tufts of adherent
stratum corneum remained, but that the Mal-
pighian layer remained intact. After 3 to 10 scrap-
ings, the remaining Malpighian layer and adherent
stratum eorneum were removed in toto and ex-
tracted separately.
Specimens of separated subcutaneous fat,
dermis, and psoriatic scales and carbon tetra-
chloride wipings of uninvolved skin of the back
in a patient with psoriasis were also examined.
The dermis was cut into pieces less than 3 mm.
thick before analysis.
Extraction of lipids. After separation of the
specimens, each was freeze-dried to constant
weight and then extracted for 6—12 hours with
acetone in a micro-Soxhlet extractor. Digestion
of the residue with 20% NaOH followed by ex-
traction with ether showed no residual ether-
soluble material. After careful evaporation of the
acetone under nitrogen the sample was purified
by passage through cyelohexane, dried and
weighed. At all stages in the analytical procedure
care was taken to avoid any possible exposure to
ultraviolet light.
Some specimens were further analyzed sepa-
rately; others were pooled. Four pooled specimens
were obtained: two consisted of total epidermal
lipids from the abdomen, the first from 4 cadavers,
the second from 5; one was isolated stratum cor-
neum lipids from the abdomen from 7 cadavers;
and the fourth (from S cadavers) was lipids from
the residual epidermis after removal of the stratum
corneum as described above. This fourth pooled
specimen was labelled "Malpighian layer lipids",
although it contained a small proportion of lipids
from the lower stratum corneum as well.
Sterol chromatography and ultraviolet spectros-
copy. The lipid samples were fractionated into
free and esterified sterol fractions by chromatog-
raphy on alumina using the method described by
Windhorst and Foster (11). Most samples weighed
1—10 mg. and for all specimens a 5 g. column of
Grade II alumina was used. Fractions 4 and 5,
eluted with 5% ether in petroleum ether, con-
tained the esterified sterols, while fractions 7 and
8, eluted with ether, contained the free sterols.
These four fractions were dissolved in cyclo-
hexane (Fisher-Speetroanalyzed) and the ultra-
violet spectra recorded using either a Beckman
DK1 or DK2 ratio-recording speetrophotometer.
The ultraviolet spectrum of 7-dehydrocholesterol
has characteristic peaks at 260, 270, 281, and
293 m®. The 7-dehydrocholesterol content (where-
ever it was present) was calculated from its ab-
sorption coefficient at 281 mp after correcting the
absorption curve for extraneous end-absorption.
It was found necessary, in order to obtain ac-
curate results, to record the full ultraviolet
spectrum, since the application of the end-absorp-
tion correction method of Morton and Stubbs
(12) gave results which were too high.
Colorimetry of sterois. After removal of the
cyclohexane from the above fractions by evapora-
tion in a stream of nitrogen, the residue (or a suit-
able part thereof) was dissolved in either acetic
acid (fractions 7 and 8) or acetic acid-chloroform
(1:1) mixture (fractions 4 and 5) and the Lieber-
mann-Burchardt test applied. Readings of the
color developed were made at 90 sec. (fast-acting
sterols), then at 20 nun. (esters) or 38 mm. (free
sterols) using a Beckman DU spectrophotometer
set at 625 mz. From these data the proportions of
'fast-acting' sterols, esters and free cholesterol
were calculated (11, 13).
Pooled specimens—fractionation and chemical
constants. Acid number, iodine number, and lipid
phosphorus determinations were performed by
methods described for skin surface lipids (14);
phospholipid was calculated in terms of lecithin
from the lipid phosphorus content.
The pooled specimens (approx. 80 mg. each)
were fractionated into total fatty acids and non-
saponifiable matter using methods developed for
the analysis of skin surface lipids (15). Sterol de-
terminations were performed on a portion of the
pooled specimen, as described above, in addition
to colorimetric sterol estimation on individual
samples.
Chromatography of non-saponifiable matter. The
method used for the chromatography of surface
skin lipid non-saponifiable matter (15) was suit-
ably adapted. The separation was performed on
about 25 mg. of material using a 1 g. column of
Grade II alumina. Twenty-five ml. portions of
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eluates were collected and the development of the
chromatogram was followed by examining for
residue after evaporation of the solvent.
Gas-chromatography of fatty acids. The separated
fatty acids were methylated using diazo-methane
and the subcutaneous fat by transmethylation;
5 pl samples of the methyl esters were analyzed
using the 'Kromatog' K2 gas-ehromatogram. A 1
meter column of 25% Apieson M vacuum grease
(Shell Chemicals Limited) on alkali-treated fire-
brick (40-60 mesh) at a temperature of 200°C with
helium as the carrier gas (absolute flow rate 42
ml./min.) and a detector cell current of 150 ma
was used. The composition of the fatty acid mix-
tures was calculated using the triangulation
method.
RESULTS
Over-all composition, pooled cadaver specimens
The results of the examination of the pooled
specimens of the lipids obtained from total
epidermis, "Malpighian layer" and stratum
eorneum are shown in Tables 1—3. The over-all
composition, shown in Table 1, indicates only a
small amount of free fatty acids to be present in
all epidermal layers, as indicated by low acid
numbers. There are, however, appreciable
amounts of phospholipids present both in the
TABLE 1
The overall composition of the pooled lipid samples
obtained from human whole epidermis, "Mal-
pighian layer," and stratum corneum, expressed
as % of total lipid
Acid No
Phospholipidst.
Sterols (Total)
7-dehydroeho-
lesterol
Other fast-
acting
Free choles-
terol
Ester choles-
terol
Total fatty acids.
Non-saponifiable
matter
* (a) and (b) indicate two different pooled
specimens.
t See text.
TABLE 2
Fatty acid composition of the pooled lipids from
human total epidermis, "Maipighian layer",
stratum corneum and subcutaneous fat compared
to that for skin surf ace lipids
Skin
Acids sur-face
lipids'
Total
epi-der-
mis
Mal-
pig-hian
layer
Stra-
turn
cur-
neurn
Sub-
n-C,s(eapric) 0.3 0.7. 1.9 0.7 0.2
Various C,, 0.2 0.1 0.1 0.04 —
n-C12 (laurie) 4.4 0.5 0.7 0.7 0.6
Various C,3 1.3 0.1 — 0.2 —
Unsaturated &
branched C14 2.3 0.5 1.0 0.4 0.5
n-C,., (myristic) 7.8 3.6 4.2 4.6 3.1
Various C,5 10.6 1.0 — —
Unsaturated &
branched C14 13.3 7.6 5.3 9.0 9.2
n-Cis (palmitic) 22.7 27.7 25.2 26.3 24.4
Various C 10.1 — — 2.2 —
Unsaturated &
branched C,5 20.1 54.8 57.3 52.7 53.8
n-C,s 5.7 3.3 5.5 3.5 8.9
TABLE 3
Cons position of the non-saponifiable suatter of the
pooled lipids from human total epidermis
Squalene 10.3%
Other hydrocarbons 39.2%
Alcohols 5.2%
Sterols 26.2%
Polyhydroxy substances 6.0%
Not recovered 13.0%
total epidermis and in the Malpighian layer, but
only a small amount in the stratum eorneum. The
concentration of free and of esterified cholesterol
is highest in the Malpighian layer and relatively
low in the stratum corneum. The ultraviolet
absorption spectra of the free sterol fractions from
the three different layers are shown in Fig. 1,
indicating the presence of the absorption bands
of 7-dehydroeholesterol in total epidermis and in
the Malpighian layer and their absence in the
horny layer. Due mainly to the higher sterol
concentration in the Malpighian layer the con-
centration of non-saponifiable matter is also
highest in this specimen. Examination of the
fatty acids has indicated a much simpler bio-
synthesis than occurs in the sebaceous glands
* Wheatley (22).
"Malpig- Stratum
layer" Corneum
Total Epidermis
(a)' (b)'
8 7
— 7.9%
9.27%
— 0.27%
— 0.07%
6.37% 7.44%
15
9.5%
15.03%
0.35%
0.36%
11.37%
8
1.1%
5.07%
0.06%
0.19%
3.67%
1.82% 1.54% 2.95% 1.12%
62.2% 63.3% 47.3% 66.2%
37.8% 36.9% 52.6% 33.8%
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3 STRATUT4 CORREUM
2 )ALPIGHIAN LAYER
ALEFIYEUM:s
260 200 300 cc,
Wvo1or,gth
FAG. 1. Ultraviolet absorption spectra of the
free sterol fractions isolated from total epidermis
(1), "Malpighian layer" (2) and stratum corrieum
(3).
(Table 2). The odd numbered and branched acids
(8) of the skin surface lipids are almost completely
absent from all three specimens. In comparison
with the epidermal lipids the subcutaneous fat
contains less of the shorter chained acids.
It has been known for a long time that the C16
and C18 acids are the main components of depot
fats. The composition of the non-saponifiable
matter from total epidermal lipids (Table 3)
shows the presence of some squalene, appreciable
amounts of hydrocarbons but a lower proportion
of wax alcohols than occurs in the skin surface
lipids.
Epidermal Sterols—Individual Specimens
1. Cadaver samples
7-dehydrocholesterol. The observation that 7-
dehydrocholesterol was present in the epidermal
lipids was further investigated in individual
specimens. This substance appeared to be present
only in the free sterol fraction in all the specimens
examined. The ultraviolet spectra of the four
sterol-containing chromatographic fractions from
one sample are given in Fig. 2. The absorption
bands typical for 7-dehydrocholesterol at 260,
270, 281 and 293 mp can be clearly seen in
fraction 7 but not in any of the other three
fractions.
Variations in the sterol content of epidermal
lipids, Male snbjects. Examinations were made of
TABLE 4
Sterol and lipid content of the epidermis from male cadavers
Site Sub-ject Age(yr.) Race Disease Totallipid Totalsterols
Sterols
I7-dehy- Other Free cho- Ester cho-drocho— fast- lesterol lesterollesterol p acting
(% of epidermis
dry weight) (% total St erol)
Abdomen
Abdomen
Ri
Th
Cu
49
68
52
W
W
W
Aplastic anemia
Aortjc aneurysm
8.5
11.6
12.0
0.89
0.94
1.73
3.1
3.9
2.9
1.3
0.0
2.6
80.3
78.6
76.7
15.0
16.6
17.6
Average
S.D
10.7
1.6
1.18
0.31
3.3
0.75
1.3
1.1
78.5
1.5
16.6
0.8
Kj 58 N Septicemia 17.0 1.78 4.8 3.0 79.1 13.1
Back Th
Xi
68
58
W
N
Aortic aneurysm
Septicemia
16.0
12.5
0.78
1.09
4.9
4.5
0.0
1.9
72.1
74.7
21.9
18.8
Thigh Th
Xi
68
58
W
N
Aortic aneurysm
Septicemia
11.1
23.3
0.69
1.59
3.8
2.8
3.7
2.4
73.0
78.8
18.8
15.9
Average for all specimens
S.D
14.0
4.4
1.33
0.43
3.8
0.8
1.8
1.3
76.6
2.7
17.2
2.6
EOn
a
0.1, a.o —
0.0, 0.1, O2
0.0, 0.1
&o.
Frantic,' 7
Free Steroid
Fraction
260 270 280 'R' i'm 310
Wavolength I Mini
Fia. 2. Ultraviolet absorption spectra of the
esterifled (Fractions 4 and 5) and free (Fractions
7 and 8) sterol fractions separated by chromatog-
raphy of the lipids from total epidermis.
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TABLE 5
Sterol and lipid content of the epidermis from female cadavers
Site Sub-ject Age() Race Disease Total Totallipid sterols
Sterols
7-dehy- Other Free cho- Ester cho-drocho-
]esterol acting lesterol lesterol
(% of epidermis
dry weight) (% total sterol)
Abdomen
Abdomen
Abdomen
Back
Thigh
Ha
Bu
Ra
2
wks.
3
8
W
W
W
Congenital heart
dis.
Sarcoma
Congenital heart
dis.
18.1
18.4
11.4
16.0
3.7
2.71
1.77
1.68
2.05
0.46
8.8
1.5
4.4
4.9
3.0
1.8
5.1
1.8
3.2
1.4
71.4 16.9
68.8 24.5
78.6 15.1
72.9 18.8
4.1 4.0
Average
S.D
Mo 20 W Endocarditis 11.2 1.04 2.6 —- 88.2 9.4
Ka
Ha
Ho
Ly
Ca
51
56
58
67
85
W
W
W
W
W
Ca. tonsil
Ca. breast
Ca.breast
Nephrosis
Congestive hrt.
dis.
14.6
18.1
16.0
16.3
15.8
1.36
1.67
1.3
1.72
1.15
2.5
1.6
4.9
1.9
3.0
—
5.8
2.6
1.5
—
74.4
79.4
77.6
82.6
71.1
20.2
13.4
14.9
14.0
21.6
Average
S.D
16.2
1.4
1.44
0.22
2.7
1.2
2.3
1.6
77.0
4.0
17.8
3.5
Ly
Ly
67 W67 W NephrosisNephrosis
9.2
12.7
1.16
1.55
2.8
2.3
0.0
0.9
78.4
82.4
18.1
14.5
specimens of the epidermis from the abdomen of
four male cadavers (3 white and 1 Negro) and
from the back and thigh of two subjects (1 white
and 1 Negro) all within the age-group 49—68. The
results, shown in Table 4, suggest that the lipid
and sterol content in Negro total epidermis may
be somewhat higher than in white. The figures for
the 7-dehydrocholesterol content of all specimens
is of the same order but the proportions of fast-
acting sterols other than 7-dehydrocholesterol
vary considerably (from 0 to 49% of the total
fast-acting material). These other fast-acting
sterols have not been chemically identified but
one component is probably lathosterol (cholest-7-
en-3f3ol) which has been shown by Idler and
Baumann (16) to be present in rat skin in large
amounts.
Female subjects. Specimens were obtained from
the abdomen of 9 female cadavers (3 children,
one adult aged 20, and the others post-meno-
pausal). Back and thigh specimens were also
obtained from one subject. The results are shown
in Table 5. The lipid and sterol content of the
TABLE 6
The sterol content of pooled lipids from sole
epidermis from three human cadavers
Total lipid 4.4% of epidermis,
dry weight
Total sterol 0.64% of epidermis,
dry weight
14.4% of total lipid
7-dehydrocholesterol 0.7% of total sterols
Other fast-acting 3.2% of total sterols
Free cholesterol 85.1% of total sterols
Ester cholesterol 9.9% of total sterols
epidermis of the females fell in the same range as
that for the male subjects. However the 2 week
old infant had a conspicuously high total sterol
value (2.71% dry wt. epidermis); a similar
finding was recorded by Meyer in 1931 (17) con-
cerning total skin. The 7-dehydrocholesterol
concentration was also highest in the infant,
being 8.8% of the total sterols or 1.08% of the
total lipids. The lipid and sterol content of the
epidermis of the 8 year old child fell in the adult
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range. Extremely wide variations of the fast-
acting sterols other than 7-dehydrocholesterol
were observed with these specimens; in 2 cases
the proportion was more than double that of the
7-dehydrocholesterol.
Plantar epidermis. Since the human sole does
not contain sebaceous glands it might have been
TABLE 7
,Sterol and lipid content of the epidermis from the
backs of normal male volunteers
Sub-
ject Age(yr.) Race
Total
lipid
Total
sterol
Sterols
7-de-
terol
ther FreeCho-
ies-
terol
Ester
Cho-
les-
terol
Sp 38 W
Co 30 N
Fr 38 W
Wh 38 W
Po 52 W
Fi 31 W
Le 23 W
He 46 W
Sh 41 W
Average....
S.D
(% dry weight
epidermis)
13.8 1.50
9.0 1.20
12.1 1.39
11.3 1.44
12.2 1.28
8.9 1.32
9.8 1.23
10.9 1.69
13.7 1.35
11.3 1.38
1.7 0.16
3.9
3.4
5.1
7.4
2.7
3.2
3.5
3.7
2.7
4.0
1.4
(%
0.0
2.0
0.0
3.2
1.5
1.5
0.0
1.6
0.2
1.4
1.1
slerols)
78.8
78.8
78.6
76.6
81.9
84.8
82.3
78.1
78.3
78.9
2.6
17.3
16.0
16.0
15.2
13.7
10.6
14.4
16.7
18.9
15.4
2.3
assumed that the epidermis from the sole would
not be contaminated with sebum. A pooled
specimen from the sole of three cadavers was
therefore obtained. In this specimen (Table 6)
the lipid content of the epidermis was consider-
ably lower than for epidermis from other regions.
However, the cholesterol content of this low
lipid fraction was relatively high. The 7-dehydro-
cholesterol content was lower (0.11% of total
lipids) than in most other specimens, as was also
the proportion of cholesterol esters. The pro-
portion of fast-acting sterols other than 7-
dehydrocholesterol was in the high average
range of other areas.
. Surgical specimens
Normal males. Specimens from the back of 9
male volunteers aged 23—52 were obtained. In
these specimens the lipid and sterol content of
the epidermis (Table 7) was of the same order as
for cadaver specimens. The same was true for
7-dehydrocholesterol. The fast-acting sterols
showed the same wide variations.
Psoriasis. Specimens were obtained from the
backs of 5 male volunteers aged 31—49 with active
psoriasis, each specimen being taken from a
clinically uninvolved site. Specimens were also
obtained from the back of one subject with
entirely healed psoriasis, from the uninvolved
thigh of a female aged 28 with psoriasis, and, as a
Sterol and lipid content of the epidermis of
TABLE 8
uninvolved skin from the backs of patients with psoriasis
Sterols
Site Subject Age(yr.) Race Sex Totallipid
Total
sterols 7-dehy- Other Free cho- Ester cho-drocho- fast- lesterol lesterollesterol acting
Back
Back (healed psoriasis)
Thigh
Thigh (normal)
Ni 63 W M
Wh 48 W M
St 49 W M
La 31 W M
Iw 38 W M
Average
S.D
(% dry WI.
10.5
11.7
11.1
10.5
6.7
10.5
1.4
epidermis)
1.49
1 .44
1 .28
1 .57
0.89
1.33
0.24
(% total slerols)
1.5 1.4 80.3
2.7t 77.2
2.8t 81.1
3.Ot 78.8
3.6t 78.7
3.0 79.2
0.25 2.0
Ka
Dr
Ju
17.1
22.6
16.2
18.2
17.8
18.4
2.2
28
30
N
w
F
F
10.1
8.4
1.51
0.90
2.2 1.2
6. 7t
5.0 *
* Not estimated.
f Total fast-acting sterols, 7-dehydrocliolesterol could not be estimated, see text.
78.4
80.7
86.2
18.2
12.7
8.8
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control, from the amputated thigh of a normal
female individual. The results (Table 8) show
that the lipid and sterol content of the epidermis
is not significantly different from the normal
subjects. In S of the 6 cases of active psoriasis the
7-dehydrocholesterol content of the lipids could
not be estimated accurately because the free
sterol fraction contained a substance which was
not identical with 7-dehydroeholesterol; nor was
it a fast-acting sterol. The ultraviolet spectrum
(Fig. 3) of this material showed two sharp peaks
at 270 and 281 mM; but, unlike 7-dehydro-
cholesterol, it had no peaks at 260 and 293 mis.
However, in the specimens from the back, the
total amount of fast-acting sterols including 7-
dehydroeholesterol was significantly lower in
uninvolved skin of psoriatics than in the con-
trols. This may indicate a deficiency in the
synthesis of these compounds by the epidermis
in patients with psoriasis. The proportion of
esterified cholesterol was slightly higher than in
the normals, but the difference was not striking.
The thigh specimen from the patient with psoria-
FIG. 3. Ultraviolet absorption spectra of the
free sterol fractions isolated from normal epi-
dermis and from epidermis from uninvolved skin
of a patient with psoriasis. The two samples con-
tained approximately the same amount of lipid
(3 mg. total lipid).
sis showed the same unusual substance inter-
fering with the determination of 7-dehydro-
cholesterol. Otherwise there was little difference
between this specimen and the control.
Skin Surface Lipids and Scale Lipids in Psoriasis
For the purposes of comparison an opportunity
was taken to examine the sterol content of the
surface lipids and scale lipids from a female
psoriatie subject aged 58 (Table 9). In both
materials accurate estimation of the 7-dehydro-
cholesterol content of the lipids was not possible
due to interference by a substance similar to that
found in the epidermis of the patients with
psoriasis. This was, however, present in lower
concentration than was found in the uninvolved
epidermis of patients with psoriasis. In the sur-
face lipid, the proportion of ester to total
cholesterol was within the range for psoriaties
obtained by Rothman (18), and was below the
normal range given by this author. The ester
cholesterol content of the scales, however, was
significantly lower even than that for the surface
lipids of this subject, and was also lower than in
the stratum eorneum lipids from normal cadavers.
Numerically, in normal stratum corneum lipids
the esterifleation percentage was 30.5% (see
Table 1), in psoriatie scales 9.8% (see Table 9).
DISCUSSION
The complexity of the cutaneous lipids should
be re-emphasized. Surface lipids consist of a
mixture of sebaceous gland products and of
lipids from the keratinizing epidermis. The
horny layer imbibes this mixture. Early analyses
of the epidermal lipids as such were limited to the
plantar skin (4, 5) for the most part, in order to
avoid contamination with sebum.
Recently Glaseaapp and Leonhardi (6) have
analyzed lipids of the total epidermis in normals
and of involved and uninvolved epidermis from
TABLE 9
Sterol content of the lipids from the uninvolved skin surface and from the psoriatic scales of a patient
with psoriasis
Surface Scales
Total sterols 4.0% of total lipids 10.65% of total lipids
Fast-acting 3.5% of total sterols 2.2% of total sterols
Free cholesterol 64.2% of total sterols 89.1% of total sterols
Ester cholesterol 32.4% of total sterols 8.7% of total sterols
Ester/free cholesterol as % 50.4% 9.8%
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the trunk of patients with psoriasis. Their mate-
rial was said to have been freed of surface lipids,
although this, of course, must necessarily be a
somewhat inexact procedure. Nicolaides and
Rothman (7), in a study of the site of sterol and
squalene synthesis in the human skin, separated
and examined total epidermis and corium from
the human forearm. Other chemical studies on
skin lipids (19, 20, 21) have included lipids of the
corium, and are not directly comparable to
studies on separated epidermis.
The epidermal lipids in the present study are
admixed with surface lipids in various propor-
tions. The individual specimens from cadavers
contained surface lipids in the original concentra-
tions, modified by post-mortem washing. The
surgical specimens studied here were washed with
soap and water and rinsed thoroughly with dilute
aqueous Zephiran® solution before removal so
that a certain proportion of the surface lipids was
removed in each case. The pooled samples of
"total epidermal lipids" and "stratum corneum
lipids" contain somewhat less than the in vivo
concentration of surface lipids, since the specimen
in each case had been washed with water. The
absence of gross contamination by the surface
lipids has been confirmed by examination of the
component fatty acids of all materials. In these
specimens the fatty acids characteristic of the
surface lipids are present only in low concentra-
tion. The pooled samples of "Malpighian layer
lipids", however, presumably consisted of epidermal
lipids in a rather pure state, since most of the
stratum corneum and its admixed lipids were
scraped away.
The present results agree in only a general way
with previous data. Our finding of approximately
80% of cholesterol in a free state in both Mal-
pighian layer and total epidermis agrees with
Kooyman's observations (5) for plantar epider-
mis, but is in disagreement with the figure of 40%
given by Glasenapp and Leonhardi for epidermis
from the trunk (6). It is of considerable interest
that a much larger proportion of "Malpighian
layer lipid" than of "stratum eorneum lipid" is
non-saponifiable. This reflects, in part, the
increased sterol synthesis of the epidermis com-
pared with the sebaeeous glands. Our results are
in agreement with the data of Nieolaides and
Rothman (7), who found a much higher con-
centration of non-saponifiable lipids in total fore-
arm epidermis than in eorium lipid. Our figure for
squalene, calculated as 0.4% dry epidermis, is in
substantial agreement with that of 0.28% given
by Nicolaides and Rothman (7).
Analysis of the component fatty acids by gas
chromatography showed that the fatty acids of
the Malpighian layer differ markedly from the
surface lipids (8) and from dermoid cyst lipids
(22). The odd numbered (1) and branched acids,
characteristic of the surface lipids, could not be
detected. In contrast with the subcutaneous fat
the Malpighian layer lipids contained more n-C10
acid.
In the course of sterol determinations by the
Liebermann-Burehardt method, it became ap-
parent that a significant proportion of epidermal
sterols is "fast-acting", i.e., that there is an
immediate color change, which fades rapidly, due
not to cholesterol, but to other sterols. The ultra-
violet absorption spectrum of this material was
characteristic of 7-dehydroeholesterol (pro-vita-
min D3) (9). Since the work of lou (23) on the
preen gland of the fowl, and of Helmer and
Jensen (24) on irradiated human skin surface
lipids, it appeared likely that pro-vitamin D is
excreted in the sebum, converted to vitamin D on
the skin surface, and subsequently re-absorbed.
However, difficulties were encountered in clearly
demonstrating the presence of the pro-vitamin on
the skin surface (25). Miller and Baumann (26)
recently demonstrated 7-dehydroeholesterol in
total human skin. Recently, Wheatley and
Reinertson (9) found that the concentration of
7-dehydroeholesterol is much higher in total
epidermis than in eorium or subcutaneous fat.
They postulated that in man, perhaps unlike
lower animals, pro-vitamin D originates in the
epidermis, rather than in sebaceous glands. How-
ever, 7-dehydrocholesterol was not then pre-
cisely localized within the epidermis. In the
present study it is shown clearly that the con-
centration of 7-dehydroeholesterol is greater in
the Malpighian layer than in any other cutaneous
stratum and is apparently synthesized there,
rather than in the sebaeeous glands. There can
be little doubt that the pro-vitamin activating
wavelengths of the ultraviolet spectrum pene-
trate into the Malpighian layer of human skin.
In addition to 7-dehydroeholesterol, there are
small amounts of other "fast-acting" sterols in
human epidermis. The nature and significance of
these are unknown, though one component is
likely to he lathosterol (eholest-7-en-3f3o1) which
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has been isolated by Idler and Baumann (16)
from rat skin. The data presented are in accord
with the view that in cholesterol synthesis the
following sequence takes place: lanosterol —,
lathostcrol —, 7-dehydrocholesterol —* choles-
terol.
Our finding of a striking decrease in phospho-
lipid concentration in the stratum corncum as
compared with the Malpighian layer confirms
the results of Kooyman (5) on plantar epidermis,
and is in accord with the finding of Snider,
Gottschalk and Rothman (27) that epidermal
choline is both split from its phospholipid complex
and decomposed during keratinization.
With regard to total lipid and sterol concen-
trations, comparable specimens from adult
cadaver skin and surgically removed skin in vivo
gave similar results. The total stcrol and 7-
dchydrocholcstcrol concentration was highest in
the epidermis of a 2 week infant. This may reflect
a smaller proportion of admixed sebum in the
infant or a more active sterol synthesis shortly
after birth.
Our findings for the ratio of cholesterol ester to
total cholesterol in carbon tetrachloridc wipings
and scale lipids from a patient with psoriasis are
in accord with the observation of Rothman that
in psoriasis this ratio is abnormally low (18).
However, our findings for the cholesterol esters
from uninvolved epidermis of patients with psori-
asis were within the normal range. Possibly this
defect is confined to the lipids near the surface.
Some of the surface lipids were removed during
preparation for surgery, as described earlier in
this paper, so that a defect might not be manifest
in tissue analysis of surgical specimens.
In 5 of the 6 specimens from patients with
psoriasis we found an unusual lipid travelling
together with 7-dchydrocholcsterol on the
alumina column. This material has a broad ultra-
violet absorption in the range 260—290 mp with
sharp peaks at 270 and 281 m and this interferes
with the determination of 7-dehydrocholcstcrol.
It does not seem to give a "fast-acting" Liebcr-
mann-Burchardt reaction. This material was not
found in any of the normal control specimens. Its
nature and significance have not been deter-
mined. Small amounts of this material were
present in psoriatic scales and in carbon tetra-
chloride wipings from the uninvolved back of a
patient with psoriasis.
SUMMAEY
1. Epidermal specimens from 23 cadavers and
16 human volunteers with and without psoriasis
were examined for lipid constituents.
2. 7-dchydrocholcsterol, pro-vitnmin D3, is
found in considerable amounts in the Malpighian
layer, but in only trace amounts in the stratum
corncum. Its origin in the epidermis proper,
rather than the schaccous glands, in man is thus
clearly established.
3. In normals, epidermal lipids from the Mal-
pighian layer differ quantitatively from the lipids
of the stratum corncum and of total epidermis.
The non-saponifiable fraction of the Malpighian
layer is much higher, due mainly to its larger
stcrol content. All sterol fractions, i. e., free and
total cholesterol, 7-dchydrocholcstcrol, and other
Liebcrmann-Burchardt "fast-acting" stcrols, arc
markedly higher in the Malpighian layer. Squa-
lcnc and other hydrocarbons, wax alcohols and
polyhydroxy substances nrc also found in the
epidermis, but this may be due to contamination
of the horny layer with sebaccous material. The
total phospholipid concentration in the Mal-
pighian layer is many times that in the stratum
corneum. Total fatty acids, however, are sig-
nificantly lower in the Malpighian layer. The
epidermal fatty acids differ from those previously
reported for skin surface lipids in that they do not
contain significant amounts of odd-numbered
and branched acids but contain a greater amount
of unsaturated C13 acids.
4. The amounts of total lipid and total stcrols
in surgical and cadaver specimens were similar
for adults, male and female, from several body
regions. Extremely high concentrations of total
stcrol and 7-dchydrocholcstcrol, however, were
found in a 2 week old infant. The total lipid con-
tent of plantar epidermis is quite low, but the
sterol fraction of this lipid is relatively high.
5. In specimens of uninvolved epidermis from 6
cases of active psoriasis the lipid and stcrol con-
tent was not significantly different from that of
normal subjects. The total sum of "fast-acting"
stcrols was lower than normal in 5 of the 6
psoriatics. The proportion of cstcrificd cholesterol
of lipids from psoriatic scales and from unin-
volved skin surface lipids was found to be low.
This, however, was not true of the total epi-
dermis from uninvolved areas in patients with
psoriasis, possibly because some of the surface
lipids were removed before excision.
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6. A peculiar, hitherto unidentified, lipid-
soluble substance was found in uninvolved
epidermis of 5 out of 6 patients with psoriasis. In
small amounts this material was also recovered
from psoriatic scales and from surface lipids. This
substance could not be detected in any of the
normal specimens. It travels together with the
free sterols on the chromatographie column, and
has a broad ultraviolet absorption spectrum
between 260 and 290 mji with two sharp peaks at
270 and 281 mjz. It does not seem to be a "fast-
acting" sterol.
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DISCUSSION
DR. HARVEY BLANK (Miami, Florida): I
wonder if there is any difference between the
parts that are exposed to the outside and those
covered by clothing? Particularly, would sunlight
have an effect on the results?
DR. EUGENE J. VAN SCOTT (Bethesda, Md.):
The finding of 7-dehydrocholesterol in the epi-
dermis and not on the epidermal surface would
explain why man, unlike fur-bearing animals,
does not obtain his Vitamin D by licking his skin.
DR. STEPEEN ROTEMAN (Chicago, Ill.): It was
not mentioned that Dr. Reinertson obtained
large specimens of skin (S from normals and 6
or 7 from psoriatics) by soliciting volunteers from
Stateville prison. But even this fairly large
specimen would have been insufficient for the
detailed analyses here presented, hadn't a gas
chromatograph been available.
DR. DANIEL J. KOOvMAN (Ivorydale, Ohio): I
should like to compliment Dr. Wheatley on this
excellent contribution to the chemistry of the
fatty constituents of the skin. This is another in
his series of studies on skin lipids I have watched
with great admiration, having been interested in
this field some years ago.
The application of chromatographic procedures
in general, and gas chromatography in particular
has greatly expanded our information regarding
the lipids of the skin. It is rather gratifying to
find that these newer and more elegant technics
give results which in general are quite similar to
those obtained using the older conventional
methods of lipid analysis. The agreement in
values for common constituents gives us confi-
dence in both the older and the newer technies,
and in the uncommon or new constituents iso-
lated by means of the latter.
The finding of relatively large quantities of the
precursor of Vitamin D3 among the lipids of the
epidermis facilitates the explanation of the forma-
tion of Vitamin D3 in the skin by sunlight. The
new sterol isolated from the skin of psoriatics
suggests some interesting and exciting possibili-
ties.
I again want to compliment Dr. Wheatley and
hope that he will be encouraged and stimulated
from his participation in this meeting to carry on
and increase our knowledge pertaining to these
important constituents of the skin.
Da. VICTOR R. WHRATLRY (in closing): Re-
garding the different areas of skin, the specimens
I showed you were obtained entirely from the
back. We studied many covered areas, the
lowest result in our series was obtained in a
specimen of the epidermis from the sole, an area
which gets no radiation at all, and the highest
result among adults was from a negro.
Now, goidg to Dr. Van Scott's question of
animal and human conversion. There has been in
the past a considerable amount of work on the
conversion of the pro-vitamin into vitamin D in
the sebum of birds and fur covered animals. In
man we do not need to propose a mechanism
where the vitamin is secreted into the sebum—
and the vitamin removed by preening or cleaning
habits—since these do not occur with man. In
man we can say that the epidermis proper is the
site of the conversion of the provitamin into the
vitamin D. On that point is the question of
penetration. The best wave length for conversion
of the provitamin into vitamin D is around about
293 mM; there can be no doubt that this radiation
can penetrate into the Malpighian layer. If you
use shorter wave lengths you get slightly higher
conversion but you also get destruction of the
vitamin formed.
To Dr. Rothman for the record we used a total
of some 65 skin samples. The method used for
separating the epidermis was the same method
used by Dr. Van Scott, but we had to scrape with
a razor blade to separate the stratum corneum
from the Malpighian layer. We tried using the
scotch tape method but found that the scotch
tape contained a large amount of 'fast-acting'
sterols.
